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An Algorithm for Achieving Equilibrium Grasp for Pyramidal-like Objects

O mmm* Ooom me

Makoto Kaneko*, Koyuru Okimoto*, Kensuke Harada* and Toshio Tsuji*

This paper discusses an algorithm for achieving an equilibrium grasp for a pyramidal-like object placed on a hor-

izontal table under the gravitational field. Assuming that the contact friction is small enough to ensure that any

direct grasp surely fails in achieving an equilibrium one, we first show that there exists an algorithm for achieving an

equilibrium grasp by using two fingers. After showing the two-fingers-algorithm easily fails in keeping an equilibrium

grasp for a horizontal disturbance, we propose the three-fingers-algorithm. We define the concept of gravitationally

stable equilibrium, where a gravitational force always pulls the object back to an equilibrium state. We also discuss

the finger placement enabling the grasp to keep the stability. Finally, we validate the idea experimentally by using

a slightly modified version of the three-fingers-algorithm.

Key Words: Multi-fingered Robot Hand, Equilibrium Grasp, Pyramidal-like Object, Grasp Algorithm
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Fig.2 An equilibrium grasp by two fingers
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Fig.3 A general polyhedral cone object with n triangles
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Fig.4 f1 at a produces f; and two moment components at a’

Fig.5 A procedure for an equilibrium grasp
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Fig.7 Explanation of gravitationally stable equilibrium
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Fig.8 An equilibrium grasp by three fingers
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Fig.9 A procedure for a general polyhedral cone object
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Fig.10 Top views of grasp system
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Fig.11 Continuous photos in capturing a pyramidal object

utbooooboooboboooboooooobooboboooobooao
gbooobooboboobooooobobooboooooo
ooooooooooboooooooobOooooOooboOoo
goboooooooobooboobooboboooouoooooo
obooooobooooooooobobobooobooooooboooo
goooooooooboooooooocoooooOobobobooo
gboooooooooo200000000000000000

7. O O O

coobobooobooooooooobooboOooooobboOoo
gobooooooooooooo

elO000D0OOOOODODOOODOOOO200000000O
goooooooobooooboooooooooobOoboo
oooooooo

el0000O00O0DOCOOOOOOOODOOOODOOODO
goboooooooooooooobooooOooboobooo
gobooooooooboOos3sbooooooooboooooo

JRSJ Vol. 18 No. 1

—132—

0 momm O oom ™

boboooooooooooooobooooooo
el000O0O0D0DODODOODODOOOOOOODOOOOODO
gobooooocoooooooo

ubooooobooboooboooboboooboboooboo
ooobooobooooooboooooobooboobobobo
0000 M.Kessler 000000000 O0O0OOOCOOO
OH TolleOOOOOODOOOODOOOOOOOOOODOODO
OU000O000O00o0o0oOooOoo (¢)106502590 0000
coboooooooooo

o o0 0O o

[1] K. Mirza and D.E. Orin: “Control of force distribution for
power grasp in the DIGITS system,” Proc. of the IEEE 29th
CDC Conf., pp.1960-1965, 1990.

[2] J.C. Trinkle, J.M. Abel and R.P. Paul: “Enveloping, friction-
less planar grasping,” Proc. of the IEEE Int. Conf. on Robotics
and Automation, 1987.

[3] J.K. Salisbury: “Whole-Arm manipulation,” Proc. of the 4th
Int. Symp. of Robotics Research, Santa Cruz, CA, 1987. Pub-
lished by the MIT Press, Cambridge MA.

[4] J.K. Salisbury, W. Townsend, B. Eberman and D. Dipietro:
“Preliminary design of a Whole-Arm Manipulation System
(WAMS),” Proc. of the IEEE Int. Conf. on Robotics and Au-
tomation, p.254, 1988.

[5] A. Bicchi: “Force distribution in multiple whole-limb manipu-
lation,” Proc. of the IEEE Int. Conf. on Robotics and Automa-
tion, pp.196-201, 1993.

[6] T. Omata and K. Nagata: “Rigid body analysis of the inde-
terminate grasp force in power grasps,” Proc. of the IEEE Int.
Conf. on Robotics and Automation, pp.1787-1794, 1996.

[7] X-Y. Zhang, Y. Nakamura, K. Goda and K. Yoshimoto:
“Robustness of power grasp,” Proc. of the IEEE Int. Conf. on
Robotics and Automation, pp.2828-2835, 1994.

[8] W.S. Howard and V. Kumar: “A minimum principle for the
dynamic analysis of systems with friction,” Proc. of the IEEE
Int. Conf. on Robotics and Automation, pp.437-441, 1993.

[9] ODOO0DDOOO“0O00O000O000000’0000000000D0
0 Owvol.23, no.11, pp.1206-1213, 1987.

[10] R. Fearing: “Simplified grasping and manipulation with dex-
terous robot hands,” IEEE. J. of Robotics and Automation,
vol.RA-2, no.4, pp.188-195, 1986.

[11] M. Kaneko, Y. Tanaka and T. Tsuji: “Scale-dependent grasp,”
Proc. of the IEEE Int. Conf. on Robotics and Automation,
pp.2131-2136, 1996.

[12] M. Kaneko, Y. Hino and T. Tsuji: “On Three Phases for
Achieving Enveloping Grasps,” Proc. of the IEEE Int. Conf.
on Robotics and Automation, pp.385-390, 1997.

[13] M. Kaneko, N. Thaiprasert and T. Tsuji: “Experimental Ap-
proach on Enveloping Grasp for Column Objects,” Preprint of
Experimental Robotics, pp.17-27, 1997.

[14] T. Shirai, M. Kaneko, K. Harada and T. Tsuji:
Dependent Grasps,” Proc. of the 3rd Int. Conf. on Advanced
Mechatronics, pp.197-202, 1998.

[15] H. Terasaki and T. Hasegawa: “Motion planning of intelligent

“Scale-

manipulation by a parallel two-fingered gripper equipped with
a simple rotating mechanism,” IEEE Trans on Robotics and
Automation, vol.14, no.2, pp.207-219, 1998.

16) OO0ODO0ODO0OO0O0O«“O00000000D00O000DO0000000
00000700000 0000D000oO00oOooooooooOoO-es
00000 0O2BII3-2, 1998.

[17] J. Ponce and B. Faverjon: “On computing three-finger force-
closure grasps of polygonal objects,” IEEE Trans. on Robotics
and Automation, vol.11, no.6, pp.868-881, 1995.

Jan., 2000



gooooOo0Oo0oo0o000ooooo 133

[18] H. Hanafusa and H. Asada: “Stable Prehension by a Robot
Hand with Elastic Fingers,” Proc. of the 7th International
Symp. on Industrial Robotics, p.361, 1977.

[19] V.D. Nguyen: “Constructing Stable Grasp,” Int. J. of Robotics
Research, vol.8, no.1, pp.26-37, 1989.

200 00000D0O0000O0O0“0000000000000000000 The i-th finger
oo0ooob0oo0r7’00b000o00C0O00O0vol.7, no.3, pp.161-171,
1989.

[21] Y. Funahashi, T. Yamada, M. Tate and Y. Suzuki: “Grasp Sta-
bility Analysis Considering the Curvature at Contact Point,”
Proc. of the IEEE Int. Conf. on Robotics and Automation,
pp-3040-3046, 1996.

[22] S. Svinin, M. Kaneko and T. Tsuji: “Internal forces and sta-
bility in multi-finger grasps,” IFAC. J. of Control Engineering
Practice, vol.7, pp.413-422, 1999.

[23] M. Kaneko, M. Kessler, A. Weigl and H. Tolle: “Captur- .
ing Pyramidal-like Objects,” Proc. of the IEEE Int. Conf. on Fig.12 Model of the system
Robotics and Automation, pp.3619-3624, 1998.

OO0 A 0OOOO0OO0OOO 0000 ¥0¥r 0 ¥pg00000000000000O
gooosoc0ooobooooooooboooobocoooood

gboooboooobooooobobbobobooobooo oooooooooooooo

0000000000000000000000000000
OOo000000000000 App,
A.1 0000 Ay,
Fig. 12000000000 n0000000000000 D, | APo :
0000000000 +00000000000000000 Ago
0000%0000000000%, 0000000000
0000000SAi=1,---,,000 4000000000
00000p,0Ro 0000000000 S 000000
0000000000000000000000 pey0Re;: O
000000000 S« 0000000000000000
000000000%,, 0 So 000000000 4000 Do,
0000000000000000000 S 000000
ooo Fp., 0000 Dp1 - 0
00000 4000000030 0 S 00000000 Dp=| : - 1 |[ervon
000D0000000000000000000000000 0 ... Dp.
ooooooo

= Dr : 060

AI)Fn
Ad)Fn

Do:
0000Dg = : eR™° 0000

. . 0000000000Fe1200000000000000
Po + Ro"poi =ppi + Rri” po; 0 30 000D00000000000000000 £ 00000

000000000000000000000000000 00000000000 App, =A¢p, =00000000

00000000000000000000000000oong 00006000000 OOO0O0
0000000000000000000000000000

00 N, 00000000000000 Dpipp =0 0o
Ni{RoA°pg, = Ni Rei A 'pp, =0 040 D[M]DAPB—[ AE)]EM]DDDDD
(@]

0000AO0O00000000300000 UFf000000 A.2 0000

000400000000000COO0OO0O0OO0OO0CGCOOOO 0000000000 KOOOOOOOOOOOO000 10

A Ap o 00 KOOOODDOODOOO
DOi[ Po ]_.DFi{ pFZ] 050
A¢O Ad)Fz T
a (oU
) ::8AT(6AT) H8n
Doi = N/[I —(Rop.;®)] € R*®
Dpi = NJ[I — (Rri"'ps;®)] € R¥*O 000000800 p, 0000000000 OOOOODOD
0000I000000 M Ro%pe; ® 00 ReiMip; ® OO 8 (0U dpy\ ' Opy 0 o0
0000000000000 000000000A¢,0AG,, ~ OpL \OpL OAT ) OAT

oooooooo0ooi180 10 —133— 20000 10



134 0Omoom 0 moom

gboooooooooooooooooOobooOobOobboOooo
ood

U :pgmg 0100

oo9bb0OO0OKOOOOOOOOO0OO0O pp 0000000
A0O0O0OO0OO0OO0OO0O0OooooOoOooooog
0O000Fig.1200000000000000000O0G0OO
O0o0oO00ooo0oo00oo0oooon7onD Apg 00O
O00o0o0oooooDbDep0000OO0OOOOOOOODOOO

AX = EpAp, 00000AAD rank[DB}—ESDDD

B

0ommm 0Ooom ™

0000000000000 oAXNOOOOOOO7ODOOOO
0000 App 00D0O0O0DOOODOOOO

+
D5 0
Ap, = 0110
2 _‘%’g AN 0120
O

oooOooooimi1200009000000000000K
ooooooo

O

00 MO Makoto Kanekol

19540 10 1800019810 300000000
gboooobobooooboboooo40000
gobooooobooooooooolgeon 4000
oo0oooOoooOoOoooooeesto woooo
© , 00000000000000000000000
gooooooooooobOoOoOobOooooog
O0OoOoOOCOOIEEEDDOOOOODOODOOOOOOOOGOOOO0
oo ooooooooooooo

00000 Kensuke Haradal

19680 90 2800019970 3000000C00OO
ooooooooooo0oooooooboooo
0@o0o4000000000000000D00
gooooooOooooboOooooboooobooooo
ooooooooOooooooooooooooo
ooooooooooooooooooOoOoooon

JRSJ Vol. 18 No. 1

—134—

00 M0 Koyuru OkimotoO

19740 50 1900019970 300000000
gbooobooooooob 400000000
gooooooooooobbooooooooog
oooooooOooooobooooooooooo
gooog obobooboooooobooooo

0 [ 00 Toshio Tsujild

19590 120 25000198 0000000000
oo0oooooooooooOoooooooooo
199400000000000000C0000O0O
goooooooOoOOboOOOOOOOOoOooo
gooooopooooOobooooooooooo
ooooooooooooooooooooooo

ooooooooooooo

Jan., 2000



